tivity measurements need to add an electrolyte such as NaCl in the aqueous phase, and are not totally reliable with very high viscous systems where creation of stagnant unmixed zones is favored 3 .
As emulsion viscosity depends on both dispersed phase volume fraction and continuous phase, a second popular indirect method is to detect emulsion phase inversion by one line 4 6 or out line 7 11 viscosity monitoring. Most of time, the aqueous and oily phases have not the same viscosity and inversion phase leads to a sharp modification of system rheology. This is well indicated for catastrophic phase inversion induced by WOR Water/Oil Ratio modification, moreover with high viscous oily phase 3, 4 .
Additional informations such as inversion pathway through intermediate morphologies are also interesting parameters. It has been shown for instance that formation of multiple emulsions during catastrophic phase inversion is a prerequisite for formation of fine emulsions 12 . For this purpose, optic devices generally optical fibers are generally used to follow light backscattering LBS . This has been used to follow transitional emulsion phase inversion 13, 14 as well as catastrophic phase inversion 14, 15 , but not for really viscous systems 16 .
The purpose of this work is to study if on line LBS can be used as a method to follow high viscous emulsion catastrophic inversion of hydrophobic isosorbide biobased polyester. Conductivity and torque measurements 16 will be compared to in situ LBS monitoring, and the results will be analyzed in terms of microstructure. Microscopic observations will be used to confirm the proposed inversion pathway.
EXPERIMENTAL

Materials
Technical grade polyoxyethylene oleyl ether with an average of 20 ethylene oxide groups per molecule was supplied by Sigma-Aldrich as BrijO20 HLB 15 . Biosourced polyester Alkyd resin was synthetized from soybean fatty acids, succinic acid, isosorbide, and glycerol according to described protocol 17 . Sodium chloride NaCl purity ≥ 99.5 was obtained from Acros Organics. Demineralized water was used in the aqueous phase.
Apparatus 2.2.1 Rheological experiments
1 mL of polyester is placed in the gap of a cone-plate 4 cm, 2 Kinexus rheometer Malvern . A shear stress gradient 0-500 Pa is applied in 1 min followed by the symetric gradient 500-0 Pa, all at constant temperature. The linear profiles obtained allow the determination of the viscosity shear stress divided by shear rate .
Conductivity experiments
Conductivity is measured with a Radiometer Analytical CDM 210 conductimeter fitted with a CDC741T platinized platinum probe. Discontinuous conductivity measurements during phase inversion emulsification process was performed but with high caution: after each measurement, the space between the 2 platinum plates of the conductivity probe was systematically cleaned. In addition, stirring was stopped during conductivity measurement to suppress the torsion forces. 
Catastrophic phase inversion emulsi cation
Phase inversion emulsification is carried out in a semibatch process by adding water to a viscous polyester oil phase containing a nonionic BrijO20 hydrophilic surfactant. Experimental conditions of temperature 50 and agitation 400 rpm were chosen in order to attain a final inverted O/W emulsion with equal resin and water content in a reasonable time 8 .
30 g of alkyd resin are introduced into a 60 mL glass reactor at room temperature. Hot water regulated at 50 by a Julabo F25-HL cryostat is circulating in the reactor jacket. The stirring rate of the turbine diameter 70 mm is gradually increased from 100 to 400 rpm with the Heidolph RZR 2051control until torque remains constant. The surfactant is then added to the resin q.s. 5.7 weight and the system maintained under stirring for 5 min to allow torque stabilization. Room temperature aqueous phase NaCl 10 2 M is then introduced at a constant addition rate 0.2 mL.min 1 with a Masterflex pomp Easy-Load.
RESULTS AND DISCUSSION
Experimental conditions
Rheological flow curves shear stress versus shear rate for the polyester exhibit the linear profile of newtonian behavior from 25 to 75 . In the semi-batch process used with water addition, the total volume in the reactor linearly increases with time, and water weight fraction f w mass water / mass water mass polymer rises from 0 to 0.5 at the end of the experiment. Some authors add water containing hydrophilic surfactant 3, 18, 19 , which allows to maintain surfactant concentration constant throughout the process. However, this is not really consistent with industrial process and involves generally to initially solubilize the surfactant in the reactor in a mixture containing a little water f w 0 . We preferred to initially introduce the surfactant with the polymer, before water addition, as in industrial processes 17, 20 23 .
Moreover, this technique allows us to follow the catastrophic inversion from f w 0. The surfactant concentration is thus not constant and decreases from 5.7 to 2.9 at f w 0.5 Fig. 2 . Since hydrophilic BrijO20 is soluble in water, it is reasonable to assume that this surfactant is rather dispersed in the hydrophobic polymer which becomes opaque after stirring.
Conductivity and torque monitoring
For low viscous systems conductivity is the most classical and simple method to detect emulsion phase inversion. Considering the polymer high viscosity, continuous monitoring of the conductivity was not possible here. Nevertheless, discontinuous conductivity measurements during the phase inversion emulsification process were performed and conductivity values are shown on Fig. 3 as a function of water weight fraction f w .
The conductivity Fig. 3 remains null for water weight fractions under 0.1 f w 0.1 suggesting a oily continuous phase. Since the surfactant is highly hydrophilic BrijO20, HLB 15 , it tends to stabilize oil droplets into the water Bancroft s rule 24 , however the small water/oil ratio Ostwald principle promotes an oily continuous phase. In some cases, water drops are very unstable and tends to coalesce and in other cases oily droplets tends to be dispersed in the water phase leading to o/W/O multiple emulsions in which the affinity of the surfactant and the water/ oil ratio are both satisfied. From f w 0.1 until f w 0.35 the conductivity increases. There is no a drastic change as reported with other Surfactant/Oil/Water systems using less viscous oils and in our case the estimation of an emulsion inversion point is difficult or arbitrary. Torque and LBS will be studied in order to clearly establish the EIP.
The high viscosity of the polymer induces torsion forces on the stirring axis allowing on line torque measurement. Actually, the torque often considered as a viscosity measurement, is rather a viscosity indicator. The viscosity can be calculated from the torque and sizing parameters of the reactor and turbine, the stirring speed, and the equation of the fluid flow curve 5 . Torque measurement as a function of water mass fraction f w is presented on Fig. 3 . Same experimental conditions than for conductivity measurements Fig. 1 Viscosity of polyester versus temperature. Fig. 2 Surfactant weight fraction and water weight fraction f w as a function of added water phase volume mL . were used but in another continuous experiment. For f w 0 the mixture exhibits a torque of 85 N.cm correlated to the viscosity of the polymer at 50 34 Pa.s assuming that surfactant influence is negligible 16 . At the end of the emulsification process, for f w 0.44, the produced torques of 32 N.cm are similar to those obtained with water 1 mPa.s . This gives clear indications on the nature of the continuous phase which is oily at the beginning and aqueous at the end of the process. Between these two observations, Fig. 3 shows that the torque decreases with water weight fraction f w , and different steps can clearly be observed on the profile. Just after water addition starting, the torque abruptly decreases from 85 to 70 N.cm and remains constant until f w 0.04. In a second part of the curve, between 0.04 and 0.16, relatively high torque values are measured but with a very important variability 40 to 70 N.cm . As for conductivity, this suggests o/W/O structure, consistent with the catastrophic phase inversion mechanism from abnormal W/O to normal O/W emulsion in presence of a hydrophilic surfactant. At the end of this second part, torque increases abruptly at f w 0.16 that is the effective dispersed water phase volume fraction required for water becoming the continuous phase. For further addition of water, the viscosity smoothly decreases no more variability as a consequence of decrease of oily internal volume fraction.
The torque versus f w profile on Fig. 3 has similarities with those obtained for catastrophic emulsification of other viscous polymers silicon resin 3 , polyurethane 25 , epoxy resin 26 , polyethylene 27 , rosin resins 6 , and Bisphenol A polyester 28 insofar as the emulsion inversion point EIP is detected for a torque maximum. In some cases, as in our study, the value of the torque at this maximum is lower than that of the polymer alone 25, 26, 28 , and the torque signal is extremely noisy just before inversion 3, 26 .
The high viscosity of the studied polymer certainly explains the relatively low emulsion inversion point if we consider that the tendency of a phase to become the dispersed phase increases with its viscosity 3 . Nevertheless, both profiles give useful informations about the catastrophic inversion process.
Continuous Light backscattering LBS monitoring
Optical fiber can perform in situ measurement of light backscattering signal. This is a non destructive and non invasive technique for process monitoring. Fiber in near-infrared area NIR has been used to study in situ transitional phase inversion of water-heptane/toluene emulsions 14 .
More recently, the same team followed NIR spectra during catastrophic inversion of emulsions and Principal Component Analysis PCA has been needed for analysis considering the complex obtained spectral data 29 .
NIR backscattering 850 nm has also been used to study on line transitional 13 technical-C 12 E 4 /decane/water emulsion and catastrophic 5 inversions Tween 80 or Span 20/ petroleum ether/water emulsion . However, evaluated emulsions were circulating outside the reactor through the cylindrical cell of the apparatus Turbiscan-on-line 15 . The authors noted a variation of the LBS near the catastrophic inversion, neat when increasing the oil content in a O/W emulsion and more gradual when adding water into a W/O emulsion. In both cases the protocol was continuous and not semi-batch as in our case. In this study we use the visible part of the backscattering signal transmitted by an UV/VIS/NIR optical fiber. Due to its small size, the optical fiber can easily be introduced in the reactor and is not subject to torsional forces. Figure 4 presents LBS spectra between 350 and 1100 nm obtained for different f w during emulsification process of the isosorbide polyester. The intensity tends to increase with f w from 0 to 0.24 and then remains quiet constant. Whatever the water mass fraction f w , all spectra present the same profile with a maximum intensity at 620 nm, and this wavelength is chosen for further analysis Figure 5 shows light backscattering intensity recorded at 620 nm as a function of water mass fraction f w . In the top of Fig. 5 , a schematized hypothetical evolution of the droplets is proposed from the initial oil to the aqueous final emulsion A-E . The different steps previously described appear clearly and information is quiet precise from the beginning to the end of the process. Until f w 0.04 the intensity is similar to that of pure alkyd resin f w 0.0 . This suggests that the first water droplets are probably too big to be able to diffuse light Torque and LBS are shown in Fig. 3 and Fig. 5 . It must be remembered that only torque and LBS are continuously recorded. It should also be noted that the dispersion is not perfectly uniform in the reactor due to momentarily unmixed areas in viscous medium. Both conductivity and LBS probes will thus give rather local informations because of their small size. On the other hand, the torque signal gives a more global macroscopic information given the large contact area of the turbine. In that way torque seems more representative of the general state of the system.
Optical microscopic observations of emulsions
To confirm the proposed microstructures during inversion pathway, optical microscopic observations were carried out. Figure 6 shows obtained pictures for two f w respectively before f w 0,08 and after f w 0,13 the abrupt increase in LBS in Fig. 5 . Figure 6A clearly shows an emulsion at f w 0.08 LBS signal about 10000 in Fig. 5 . On a microscope slide, a drop of this emulsion in contact with a drop of red isopropyl myristate The high viscosity of the oil and the relative low agitation rate 400 rpm enhance a laminar flow Re ≈ 0.11 when the oil is the continuous phase. Continuous addition of water modifies the forces balance into the droplets and the morphology evolves to long filaments. At f w 0.13 Fig. 6D , the complex structures proposed in Fig. 5C are clearly present. The dispersed filaments extend over several hundred microns containing droplets as multiple emulsions. Surprisingly, this emulsion may be aqueous or oily continuous, as shown by the diffusion of the hydrophobic red Fig. 6E and blue hydrophilic Fig. 6F dyes with contact of colored drops of oil and water respectively. These phenomena could explain the noisy LBS signal 30,000 to 40,000 between f w 0.1 and 0.21 in Fig. 5 and the noisy torque signal between f w 0.04 and 0.16 in Fig.  3 . The instantaneous catastrophic inversion described for most oils seems to be clearly a gradual process when the oily phase is very viscous.
In the same logic, by increasing the amount of water from f w 0.13 to f w 0.4, the system is modified and presents an aqueous continuous phase. Thus, numerous small polymer beads dispersed in water can be seen in Fig. 7A and 7B. On Fig. 7B some residual complex systems are visible multiple emulsion that can extend over 1 millimeter, with continuous oily phase. Indeed, the final structure is also a multiple emulsion w/O/W . The high viscosity of the oil decreases the coalescence rate of the internal droplets, explaining the gradual inversion observed in the conductivity profile and the presence of water droplets into the oil droplets. Contact with a drop of blue water Fig.  7C leads to easily dispersion of the small polymer beads, but the stable submicronic w/O/W droplets remains.
CONCLUSION
An hydrophobic isosorbide biobased polymer was emulsified by catastrophic inversion with water addition. Given the high viscosity of the polymer, the process was carried out at 50 in order to make stirring possible. Evolutions of conductivity, torque and LBS were studied during the inversion process. Torque induced by mechanical stirring and visible light LBS were measured continuously. These two techniques allow to highlight the EIP with relatively near f w values of 0.165 and 0.22 respectively. The signal of torque and LBS are noisy during the inversion, and become stable when the continuous phase is aqueous. The optical fiber gives information on localized phenomena at its small extremity, while the torque reports a more global information, representative of the general state of the emulsion.
The smaller jump of LBS signal observed at f w 0.04 could indicate an increase of water/oil interface area, in accordance with smaller water droplets in alkyd resin W/O , or with small oil droplets inside water droplets inside resin o/ W/O . The first non-zero conductivity values, the noisy signals with both torque and LBS techniques and the microscopic observations indicate the presence of complex structures detected from f w 0.1. Final emulsion has a continuous aqueous phase. However, the oil droplets still contain a certain amount of water and their morphology is clearly a w/O/W emulsion.
Visible light backscattering seems to be a useful method to monitor in situ emulsion inversion phase for highly viscous systems.
